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Abstract 
The stage at which processing of tactile distance occurs is still debated. We addressed this 
issue by implementing a new adaptation-aftereffect paradigm with passive touch. We 
demonstrated the presence of a strong aftereffect, induced by the simultaneous presentation 
of pairs of tactile stimuli. After adaptation to two different distances, one on each hand, 
participants systematically perceived a subsequent stimulus delivered to the hand adapted to 
the smaller distance as being larger. We further investigated the nature of the aftereffects, 
demonstrating that they are orientation and skin-region specific, occur even when just one 
hand is adapted, do not transfer either contralaterally or across palm and dorsum, and are 
defined in a skin-centred, rather than an external, reference frame. These characteristics of 
tactile distance aftereffects are similar to those of low-level visual aftereffects, supporting the 
idea that distance perception arises at early stages of tactile processing. 
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Significance Statement 
Visual adaptation aftereffects have been termed “the psychologist’s microelectrode” for the 
insight they provide into the neural bases of human vision. Less research has explored such 
aftereffects in touch. We exploit the distinction in vision between “low-level” aftereffects, 
showing location and orientation specificity characteristics of early retinotopic cortex, and 
“high-level” aftereffects, showing high generality to these characteristics, and presumably 
arising from higher processing stages. We demonstrate that distance aftereffects in passive 
touch share numerous characteristics with low-level visual aftereffects, including orientation 
and region specificity, lack of transfer contralaterally or across palm and dorsum, and 
encoding in skin-based space. These results provide experimental evidence that tactile 
distance is a basic somatosensory feature, computed at relatively early somatosensory 
processing stages. 
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/body Introduction 
The perception of tactile distance has been widely used for exploring somatosensory 
organisation (1, 2). However, the level of somatosensory processing at which tactile distance 
is computed is unclear. Classic results of Weber showed that the distance between two 
touches is perceived as larger on more sensitive skin surfaces (1). Moreover, perceived tactile 
distance is larger for stimuli oriented across the width of the limbs than along the length of 
the limb (2, 3), mirroring anisotropies in the shape of tactile receptive fields (RFs) (4). These 
results suggest that encoding of distance may reflect lower-level asymmetries in factors such 
as peripheral receptor density, cortical magnification, and RF geometry. In contrast, some 
researchers have claimed that computing tactile distance requires that sensory signals be 
integrated and referred to higher-order representations of body size and shape (5, 6). This 
view is supported by evidence that tactile distance perception is modulated by illusions of 
altered body size (7–9), and tool use (10, 11). Together, these results suggest that perceived 
tactile distance is shaped by both lower-level aspects of somatosensory organisation, and 
higher-level mental body representations. Here, we investigate the level of somatosensory 
processing at which tactile distances are calculated, by probing the properties of tactile 
distance adaptation aftereffects.  
Adaptation aftereffects have been widely used, especially in vision, because they provide 
information about how different stimulus dimensions are processed by populations of 
selective neurons (12). Some aftereffects, such as those for motion (13), direction (14), and 
tilt (15), show high selectivity for stimulus characteristics, such as orientation or retinal 
location (i.e., the adapting and test stimuli must have the same location and orientation). This 
suggests that these aftereffects arise from relatively lower level, retinotopic visual areas. In 
contrast, other aftereffects generalise across orientation, retinal location, and stimulus size, 
suggesting that they result from higher levels of processing, beyond retinotopic visual cortex. 
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They include those for object squishiness (16), or shape (17), and those for facial identity 
(18), expression (19), or attractiveness (20). This distinction between lower-level and higher-
level aftereffects thus provides an experimental probe to investigate whether a stimulus 
characteristic results from relatively earlier or later stages of perceptual processing.  
Many tactile dimensions are also susceptible to adaptation, from basic attributes such as 
frequency (21) and amplitude (22), to more complex properties, such as curvature (23) and 
size (24), and even the perceived extent of passive motion (25). Basic tactile properties such 
as pressure, frequency, and location (21, 22, 26) have typically been studied using passive 
cutaneous stimulation. In contrast, curvature and size have predominantly been studied using 
dynamic, haptic paradigms, which involve proprioceptive and kinaesthetic information, in 
addition to touch. For instance, in a well-known haptic size-contrast illusion, participants 
repeatedly grasp spheres of different size in each hand. An aftereffect is experienced when 
spheres of identical size are held: the sphere placed in the hand previously adapted to the 
smaller sphere, is perceived as larger than the other, and vice-versa (24).  
Here, we explore how adaptation to a distance between two separate points, passively 
delivered on the hand dorsum, affects perception of subsequent distances, a tactile analogue 
of the classic visual size aftereffects described by Blakemore and colleagues (27, 28). We 
report clear tactile distance aftereffects with passive touch (i.e., independent of proprioceptive 
and kinaesthetic information). Critically, these aftereffects share several characteristics with 
lower level visual aftereffects, including orientation and region specificity, lack of transfer, 
both contralaterally or across palm and dorsum, and encoding in skin-based space. These 
results suggest that tactile distance is a basic somatosensory feature, computed at relatively 
early stages of somatosensory processing. 
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Results 
Experiment 1: Adaptation to tactile distances induces tactile distance aftereffects. In 
Experiment 1 we examined if adaptation to two simultaneous touches a certain distance apart 
produces aftereffects on the perception of subsequent tactile distances. Stimuli were pairs of 
pointed wooden rods mounted in foam board and separated by 2, 3, or 4 cm, as in previous 
studies (3, 29). Each trial included an adaptation phase and a test phase. During adaptation, 
blindfolded participants were touched in alternation on the dorsum of each hand, with two 
different stimuli, for 10 seconds, along the mediolateral hand axis (across hand width; see 
Fig. 1a and Supporting Materials). Across the adaptation period, the adapting stimuli were 
presented along the whole length and width of the participant’s hand, so that stimulation was 
never applied systematically to the exact same two points on the skin (see Supporting 
Figure 1). This should produce spatial summation of adaptation across the range of skin 
stimulated (30, 31). We varied the location of the adapting stimuli across presentations within 
each hand to ensure that we were inducing adaptation to the abstract property of distance (i.e., 
to a spatial relation between two tactile events), rather than adapting two exact locations on 
the skin. In one adaptation condition, the right hand (RH) was adapted to a 2 cm distance 
stimulus and the left hand (LH) to a 4 cm distance. This pattern was reversed in the other 
condition. After adaptation, two test stimuli were applied sequentially, one to each hand, 
from five possible pairs (RH/LH: 2/4, 2/3, 3/3, 3/2, and 4/2 cm) and participants made 
unspeeded judgments of whether the first or second stimulus felt larger (i.e., orthogonal to the 
RH/LH dimension).  
Responses were then expressed as the proportion of RH stimuli perceived larger and 
modelled as a function of the ratio between the two stimuli (RH/LH) using cumulative 
Gaussian functions. The critical question concerns the point of subjective equality (PSE). An 
adaptation aftereffect should lead to a bias to judge distances as smaller on the hand that was 
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adapted to the large distance. That is, we expected PSEs to be larger than 1 when the right 
hand was adapted to the larger stimulus and the left hand to the smaller one (indicating that 
distances at test presented on the right hand were perceived as smaller than those on the left 
hand; see Supporting Materials), and vice-versa in the opposite condition. All participants 
were naïve as to the purpose of the experiment, were paid or given course credits for their 
participation, and gave written informed consent. The study was conducted in accordance 
with the principles of the Declaration of Helsinki and was approved by the Department of 
Psychological Sciences Ethics Committee at Birkbeck. 
Results are shown in Figure 1b. There were clear opposite aftereffects, as shown by a 
significant difference in PSEs between conditions (t10 = 8.11, p < 0.0001, dz = 2.44). After 
being adapted to a small distance on the right hand and a large distance on the left hand, 
participants perceived the test stimulus on the right hand as larger (mean PSE = 0.87; SD = 
0.14). The opposite occurred after adaptation to a large distance on the right hand and a small 
distance on the left hand (mean PSE = 1.22; SD = 0.15). This effect was observed in all 
participants.  
 
Experiment 2: Aftereffects also occur in the proximodistal orientation. Experiment 2 
aimed to replicate this effect and to demonstrate that it was not specific to the mediolateral 
hand axis. Procedures were identical to Experiment 1 except that stimuli were rotated 90° to 
be aligned with the proximodistal hand axis (along hand length; see Supporting Materials). 
Results are shown in Figure 1c. There were clear aftereffects, as demonstrated by a 
significant difference in PSEs (t10 = 5.27, p < 0.001, dz = 1.59). The mean PSE was 0.80 (SD 
= 0.16) in the RH small / LH large condition, and 1.13 (SD = 0.23) in the other condition. 
This effect was observed in 10 out of 11 participants. 
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Figure 1. Bimanual adaptation procedure and results. (a) During adaptation, blindfolded participants 
were touched in alternation on the dorsum of each hand with a different stimulus (either 2 or 4 cm) for 
10 secs (~1 sec each stimulus). In one condition the 2 cm stimulus was presented on the right hand 
and the 4 cm stimulus on the left hand (RH < LH), while in the other condition the opposite occurred 
(RH > LH). Stimuli during adaptation were oriented across the width of the hand (as illustrated in the 
figure) in Experiments 1 and 3 and along the length of the hand in Experiment 2. After adaptation, 
two stimuli were applied in sequence, one to each hand, from five possible pairs (2/4, 2/3, 3/3, 3/2, 
and 4/2 cm) and participants made unspeeded judgements of whether the first or second stimulus felt 
larger. Tactile distance aftereffects were found when adaptor and test stimuli were presented in the 
same orientation, (b) across the width (Experiment 1), and (c) along the length of the hand 
(Experiment 2), (d) but not when orientation varied across adaptation and test stimuli (Experiment 3). 
Curves are cumulative Gaussian functions. Error bars represent the standard error of the mean. 
Vertical lines represent PSEs. RH: right hand; LH: left hand. 
 
Experiment 3: Aftereffects are orientation-specific. Many visual aftereffects are strongly 
orientation-specific, including those affecting perceived size (32). In contrast, aftereffects for 
facial identity (18) and attractiveness (20) occur when test stimuli are in a different 
orientation to the adapter, suggesting that face aftereffects take place at higher-level 
processing stages. In Experiment 3, we assessed the orientation specificity of tactile distance 
aftereffects by presenting adaptors oriented across the width of the hand and test stimuli 
Tactile Distance Aftereffects 
 
9 
 
oriented along the length of the hand (see Supporting Materials). If, like face aftereffects, 
the aftereffects we have described arise from higher-level mechanisms in the somatosensory 
system, then adaptation should generalise across orientations, leading to different PSEs in the 
two adaptation conditions. If, in contrast, tactile distance aftereffects arise from lower-level 
mechanisms, we would expect no transfer between orientations. 
There was no evidence for aftereffects, as shown in Figure 1d (t11 = 0.30, p = 0.77, dz = 
0.09). The mean PSE was 0.95 (SD = 0.19) in the RH small / LH large condition, and 0.97 
(SD = 0.23) in the opposite condition.  
An analysis of variance (ANOVA) between Experiments 2 and 3, which differed only in 
the orientation of the adapting stimuli, showed a significant main effect of adaptation 
condition (F1,21 = 13.10, p = 0.002, ηp
2
 = 0.38), and an interaction between condition and 
experiment (F1,21 = 10.02, p = 0.005, ηp
2
 = 0.32).  
 
Experiment 4: Aftereffects require sustained adaptation. In addition to adaptation 
aftereffects, tactile perception can be influenced by preceding stimuli in a variety of ways. 
For example, memory for tactile forms drawn on the skin is impaired when stimuli are 
presented in rapid sequence, presumably due to aftersensations resulting from retention of 
tactile information in iconic memory (33). Similarly, preceding tactile stimuli can result in 
masking of subsequent stimuli (34) and misperception of location, as in the various 
“saltation” illusions (35). If the effects we have described reflect true adaptation aftereffects, 
they should only emerge following a sustained adaptation period. If, in contrast, they result 
from aftersensations of previous tactile stimuli stored in iconic (36) or working memory (37), 
they may emerge following presentation of a single prior stimulus. 
In Experiment 4, we therefore used a procedure similar to Experiment 1 except that only a 
single adapting stimulus, lasting approximately one second, was applied to each hand on each 
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trial. To avoid the possibility of progressive build-up of adaptation across repeated 
presentations of the same type, the two adaptation conditions were randomly ordered within 
blocks. 
There was no evidence for aftereffects, as shown in Supporting Figure 2 (t11 = 0.61, p = 
0.55, dz = 0.18). The mean PSE for the two conditions was 0.97 (SD = 0.10) in the RH small / 
LH large condition, and 1.00 (SD = 0.14) in the opposite condition. An ANOVA between 
Experiments 1 and 4, which differed in the duration of the adaptation, showed a significant 
main effect of adaptation condition (F1,21 = 38.80, p < 0.0001, ηp
2
 = 0.65), which critically 
was modulated by an interaction between condition and experiment (F1,21 = 28.34, p < 
0.0001, ηp
2
 = 0.57).  
  
Experiment 5: Aftereffects occur when only one hand is adapted. In the preceding 
experiments, adaptation involved a relative contrast in size between the two hands. In 
Experiment 5, we investigated whether aftereffects also occur in the absence of such contrast, 
following adaptation to a single distance. Methods were similar to Experiment 1, except that 
adapting stimuli (2 or 4 cm) were applied only to the left hand (see Fig. 2a left panel and 
Supporting Materials). An aftereffect should lead again, to different PSEs in the two 
adaptation conditions.  
Results are shown in Figure 2a, right panel. Clear aftereffects were observed, as shown by 
a significant difference in PSEs (t11 = 7.79, p < 0.0001, dz = 2.25). The mean PSE was 0.86 
(SD = 0.10) following adaptation to a 4 cm stimulus, and 1.00 (SD = 0.08) following 
adaptation to a 2 cm stimulus. This effect was observed in all participants. 
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Figure 2. Procedure and results of Experiments 5 and 6. (a) Left panel. In the unimanual adaptation 
procedure of Experiment 5, only the left hand dorsum was adapted in two separate conditions with 
either a large (4 cm) or a small (2 cm) across stimulus. In the test phase, two stimuli were delivered in 
alternation to each hand from five possible pairs (2/3, 3/4, 3/3, 4/3, and 3/2 cm). Right panel. Clear 
aftereffects were found. (b) Left panel. Stimuli in Experiment 6 were delivered to the left hand on 
two different regions: distal and proximal (see Supporting Figure 1). In one condition, the 2 and the 
4 cm stimuli were delivered respectively to the distal and proximal surfaces of the left hand dorsum 
(Dis < Prox, as illustrated in the figure); in the other condition, the opposite occurred (Dis > Prox). In 
the test phase, two stimuli were delivered in succession, one to the distal and one to the proximal part 
of the hand. Right panel. Again, clear aftereffects were found. 
 
Experiment 6: Aftereffects are region specific. In vision, lower-level aftereffects such as 
direction, motion, and tilt, occur only when the adapting and test stimuli are at similar retinal 
locations (13–15). Conversely, higher-level aftereffects related to other properties, such as 
squishiness (16), or to faces (18), generalise across locations. In our previous experiments, 
we varied the location of the adapting stimuli across presentations within each hand to ensure 
that we were inducing adaptation to the abstract property of distance, rather than adapting 
two exact locations on the skin. That we nevertheless observed aftereffects implies some 
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degree of spatial summation of adaptation across the range of skin stimulated (30, 31). 
However, since we have measured aftereffects by comparing the two hands, there must also 
be some level of skin specificity, since adaptation clearly produced different effects on each 
hand. 
In Experiment 6 we investigated the level of location-specificity of the effect by applying 
different adaptation to two adjacent regions of a single skin surface.  
Methods were similar to Experiment 1 except that instead of being applied to the two 
hands, we divided the left hand dorsum into proximal and distal halves, and applied different 
adapting stimuli (2 or 4 cm) to each region (Fig. 2b, left panel). Each particular adaptor and 
test stimulus could fall at any point inside each region, so that stimulation was never applied 
systematically to the exact same two points (see Supporting Figure 1). As in Experiment 1, 
we aimed to induce spatial summation of adaptation to a particular distance across a 
continuous skin region (30, 31), although this time separately for the two stimulated regions, 
given that each was adapted to a different distance. If adaptation is spatially specific to the 
stimulated skin region, we would expect spatial summation of adaptation to occur within the 
local region of skin which had been adapted to a specific distance. That is, we would expect 
participants to perceive as larger the test stimulus applied on the region previously adapted to 
the smaller distance, compared to the other region adapted, and vice versa. In contrast, if the 
effect of adaptation arises in later areas whose organization does not preserve the somatotopic 
arrangement of the early somatosensory system, then the effects of adaptation of one region 
would generalise to the other. This should produce no differences across the two conditions 
of adaptation.  
Results are shown in Figure 2b, right panel. There were clear aftereffects, as shown by a 
significant difference in PSE between conditions (t10 = 8.61, p < 0.0001, dz = 2.60). The mean 
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PSE was 0.95 (SD = 0.08) in the distal small / proximal large adaptor, and 1.13 (SD = 0.09) 
in the opposite condition. This effect was observed in all participants. 
 
Experiment 7: Aftereffects do not transfer contralaterally. The presence of inter-manual 
transfer for a specific aftereffect provides insight about the involvement of neurons in the 
somatosensory cortex with bilateral, rather than unilateral, RFs. For instance, curvature 
aftereffects with dynamic finger exploration exhibit complete bilateral transfer between 
fingers of the two hands and partial transfer is found for static finger adaptation (23). 
Conversely, no inter-manual transfer at all is apparent for static stimulation on the hand (38). 
These results suggest that curvature information obtained dynamically is represented at a high 
level of sensory processing, while curvature information obtained statically is predominantly 
processed at a level that is connected to a single hand (23). In addition, lack of inter-manual 
transfer has been demonstrated for size aftereffects through dynamic finger exploration of 
bars (39). Bilateral RFs neurons process areas of the skin of homologous body parts (40), and 
are mostly found in structures beyond SI, in particular the secondary somatosensory cortex 
(SII) (41), though they also exist in SI (40). Experiment 7 investigated whether aftereffects 
transfer across hands by adapting one hand to a single distance and testing the effect of 
adaptation in the contralateral hand.  
In the preceding experiments, our measure of adaptation involved a comparison between 
stimuli applied to the two hands. This experiment, conversely, required the test stimuli to be 
presented to the same hand, to isolate any effect of adaptation from the adapted to the non-
adapted hand. To allow the presentation of the comparison stimuli on a single hand, we took 
advantage of the orientation specificity of the aftereffects (shown in Experiment 3), and used 
an established anisotropy in tactile distance perception on the hand dorsum (3, 29, 42), in 
which distances across the width of the hand are perceived as substantially larger than 
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distances oriented along the length of the hand. We adapted the left hand to a large adaptor (4 
cm) in the across orientation. After adaptation, participants were touched twice on the dorsum 
of their hand (either the adapted left hand or the non-adapted right hand), once with the 
stimuli oriented along, and once oriented across the hand (see Fig. 3a top panel and 
Supporting Materials), and responded which stimulus, the first or the second, was perceived 
as larger (i.e., orthogonal to the across/along dimension). To replicate the presence of the 
anisotropy, we also included a no-adaptation baseline condition.  
In the baseline condition, participants should perceive across distances as larger than along 
distances, producing PSEs smaller than 1 (3). Adaptation to a large across-distance, however, 
should produce a bias to judge across distances as smaller on the adapted left hand, reducing 
or eliminating the baseline anisotropy. The critical question is whether the presence of the 
adapting stimulus on the left hand also modulates the anisotropy on the unadapted right hand.  
Results are shown in Figure 3a, bottom panel. Clear anisotropies (i.e., PSEs smaller than 
1) were apparent in the no-adaptation condition, for both the left hand (mean PSE = 0.81; SD 
= 0.16, t-test against 1: t11 = -3.55, p = 0.005, d = 1.51), and the right hand (mean PSE = 0.76, 
SD = 0.17, t-test against 1: t11 = -3.57, p = 0.004, d = 1.52), replicating the bias to perceive 
tactile distances as larger, when running across as opposed to along the hand. In the 
adaptation condition, this anisotropy was eliminated for test stimuli on the adapted left hand 
(mean PSE = 1.10, SD = 0.23; t-test against 1: t11 = 1.27, p = 0.23, d = 0.54), and 
significantly differed from the no-adaptation condition (t11 = 3.54, p = 0.005, dz = 1.02). 
Critically, after adaptation on the left hand no effect was observed on the unadapted right 
hand, as shown by a clear anisotropy (mean PSE = 0.73, SD = 0.14; t-test against 1: t11 = -
5.35, p = 0.0002, d = 2.28), which did not differ from the no-adaptation condition (t11 = 0.43, 
p = 0.68, dz = 0.12).  
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These effects were confirmed by an ANOVA which revealed main effects of adaptation 
condition (F1,11 = 8.18; p = 0.02; ηp
2
 = 0.43) and hand (F1,11 = 7.18; p = 0.02; ηp
2
 = 0.40), 
with both effects driven by a significant interaction (F1,11 = 8.70; p = 0.01; ηp
2
 = 0.44). 
Overall, the results of this study fail to show any evidence of bilateral transfer of tactile 
distance aftereffects. 
 
Experiment 8: Aftereffects are skin-surface specific. The exact overlap between 
representations of the dorsal and palmar skin surfaces in the human somatosensory cortex is 
unknown. However, inputs from the dorsal and glabrous surfaces of the fingers are closely 
overlapping in the primate SI (43). Similarly, the dorsum and palm representations of the 
hand, although with less overlap, are closely represented in the monkey’s primary sensory 
cortex (43). Thus, depending on the actual overlap in humans, transfer of adaptation across 
analogous skin areas of the hand dorsum and palm might be possible.  
The methods of Experiment 8 were similar to those of Experiment 7, except that 
adaptation (4 cm) was always applied to the palm of the left hand, and test stimuli were 
applied to either the palm (congruent condition) or dorsum of the left hand (incongruent 
condition; see Fig. 3b top panel and Supporting Materials). We also included a no-
adaptation baseline condition for each skin surface. The critical question is whether the 
adapting stimulus on the palm modulates the anisotropy both on the palm and on the dorsum. 
Baseline anisotropy occurs mostly on the dorsum, but it is absent or largely reduced on the 
palm of the hand (3, 29, 42). Thus adapting to a large across stimulus on the palm, should 
produce a bias at test to judge across distances as smaller than they are, producing an 
anisotropy in the opposite direction for the palm (across stimuli perceived as smaller). 
Furthermore, if transfer of adaptation across skin sites occurs, then we should expect a 
reduction or elimination of the anisotropy on the dorsum. 
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Results are shown in Figure 3b, bottom panel. In the no-adaptation conditions anisotropy 
was, as expected, observed on the dorsum (mean PSE = 0.79, SD = 0.17, t-test against 1: t18 = 
-5.58, p < 0.0001, d = 1.86), but not the palm (mean PSE = 1.01, SD = 0.12, t-test against 1: 
t18 = 0.27, p = 0.79, d = 0.09). In the congruent condition, adaptation produced a reverse 
anisotropy (mean PSE = 1.11, SD = 0.14; t-test against 1: t18 = 3.21, p = 0.005, d = 1.07), that 
differed significantly from the no-adaptation condition (t18 = 3.67, p = 0.002, dz = 0.84), 
indicating the presence of aftereffects. Critically, adaptation on the palm did not influence 
responses at test on the dorsum, as we found a clear anisotropy in the incongruent condition 
(mean PSE = 0.75, SD = 0.14; t-test against 1: t18 = -7.27, p < 0.0001, d = 2.42) which did not 
differ from the no-adaptation anisotropy (t18 = 1.39, p = 0.18, dz = 0.32).  
These effects were confirmed by an ANOVA showing a main effect of congruency (F1,18 = 
55.18; p < 0.0001; ηp
2
 = 0.75), and a clear interaction between adaptation condition and 
congruency (F1,18 = 13.16; p = 0.002; ηp
2
 = 0.42). These results show that the orientation-
specificity of tactile distance aftereffects is confined to the specific region adapted, and does 
not transfer across the two sides of the hand, thus reinforcing the region specificity found in 
Experiment 6. They also show that distance aftereffects can be induced over other regions of 
the body, beyond the hand dorsum. 
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Figure 3. Procedure and results of Experiments 7 and 8. (a) Top panel. In Experiment 7 only the left 
hand was adapted with a large (4 cm) across stimulus on the dorsum (LH large). In the no-adaptation 
condition, the test stimuli were presented without preceding adaptation. At test, participants were 
touched twice on the dorsum of their hand, once along and once across the hand, either on the non-
adapted right hand (as illustrated in the figure) or on the adapted left hand. Bottom panel. Across 
distances were consistently perceived as larger than along ones (anisotropy effect) on the right hand 
(right panel) after adaptation to the left hand (or no adaptation at all). Anisotropy was eliminated on 
the left hand (left panel) after preceding adaptation on that hand to a large across stimulus. (b) Top 
panel. In Experiment 8, adaptation was on the left palm and test stimuli were either on the non-
adapted left dorsum (as illustrated in the figure) or on the adapted left palm. Bottom panel. 
Anisotropy was always observed on the dorsum (which was never adapted). Anisotropy is known to 
be absent or largely reduced on the palm, and this was observed at baseline. Anisotropy was reversed 
for the adapting condition, indicating an adaptation aftereffect. Asterisks denote significant one-
sample t-test against 1. 
 
Experiment 9: Aftereffects are in the hands, not external space. In different contexts, we 
perceive the location of touch in either a skin-centred frame of reference (e.g., ‘I feel the fly 
land on my forearm’) or in an external frame of reference (e.g., ‘I feel the light switch off to 
the left’). Studies have shown that stimuli are rapidly transformed from skin-centred to 
external coordinates, within 180 ms of stimulus onset (44). In Experiment 9 we investigated 
whether the orientation-specificity we described in Experiment 3 is defined in a skin-centred 
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or in an external, more abstract reference frame (such as horizontal or vertical, in external 
space). Methods were identical to Experiment 7, except that test stimuli were always applied 
to the adapted left hand, which rested in the same position as during adaptation (canonical 
position) or rotated 90°. In the rotated condition, across and along stimuli were therefore 
reversed in external space compared to the canonical condition (see Supporting Figure 3 top 
panel and Supporting Materials). As in Experiment 7, we included both an adaptation (4 
cm, across orientation), and a no-adaptation baseline condition. If tactile distance aftereffects 
are defined in a skin-centred reference frame, adaptation to a large across distance should 
counteract the standard anisotropy in the two postures. If, however, distance aftereffects are 
defined in an external frame of reference, the anisotropy should be reduced or eliminated in 
the canonical, but not the rotated condition.  
The anisotropy was eliminated in both postures (Supporting Figure 3, bottom panel; 
canonical posture: mean PSE = 0.96, SD = 0.21, t-test against 1: t9 = -0.86, p = 0.42, d = 
0.40; rotated posture: mean PSE = 0.99, SD = 0.31, t-test against 1: t9 = -0.53, p = 0.61, d = 
0.25). Importantly, the anisotropy differed from the no-adaptation conditions, both in the 
canonical (t9 = 3.84, p = 0.004, dz = 1.21; mean PSE = 0.80, SD = 0.15, t-test against 1: t9 = -
3.74, p = 0.005, d = 1.76) and rotated postures (t9 = 4.81, p = 0.001, dz = 1.52; mean PSE = 
0.76, SD = 0.21, t-test against 1: t9 = -2.99, p = 0.015, d = 1.41).  
These effects were confirmed by an ANOVA with a main effect of adaptation (F1,9 = 
27.20; p = 0.0006; ηp
2
 = 0.75), but no main effect of posture (F1,9 = 0.65; p = 0.44; ηp
2
 = 
0.07), and no interaction (F1,9 = 2.29; p = 0.16; ηp
2
 = 0.20). These results show that the 
orientation-specificity of tactile distance aftereffects is defined in a skin-centred, rather than 
an external, frame of reference. 
 
Discussion 
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Our results demonstrate definite tactile distance aftereffects with passive touch. After 
prolonged adaptation to a tactile distance, participants perceive subsequent smaller distances 
as being smaller than they actually are, and distances that are larger as being even wider than 
they are. Natural haptic experiences with objects involve the integration of several classes of 
signals, from cutaneous mechanoreceptors, proprioceptive afferents, and kinaesthetic 
information. Previous studies of adaptation aftereffects for tactile size perception have used 
continuous tactile surfaces, usually with dynamic touch (e.g., haptic size (24) and curvature 
aftereffects (23)). To get an estimate of the length of a given object in these previous studies, 
the brain might compute the extent of continuous tactile contact on the skin, their pattern, or 
other properties of the object such as shape and edges. Aside from these, proprioceptive and 
kinaesthetic information would also provide information about object size and shape. In this 
study, we limited information to passive cutaneous signals, to focus on a basic form of tactile 
size perception, which concerns exclusively the computation of the distance between two 
distinct points touching the skin. Our results thus provide clear evidence that the spatial 
relationship between two tactile events is a tactile attribute susceptible to sensory adaptation.  
Several aspects of our results suggest that the observed aftereffects arise from relatively 
early stages of somatosensory processing. First, the effects are orientation-specific; no 
aftereffect is found for test stimuli which are rotated compared to the adapting stimulus. 
Second, the effects are region-specific; adapting to one skin region produces aftereffects only 
on that specific region. Third, the effects are skin-surface specific; no aftereffect is found if 
the test stimulus is on the dorsum when the adapting stimulus had been on the palm. Fourth, 
the effects show no contralateral transfer; no aftereffects are found for test stimuli on the 
contralateral hand. Finally, the effects occur in skin-space, rather than in external space, 
suggesting that the phenomenon is localized in the hand itself, rather than at a higher level 
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phenomenal space (45). Together, these results suggest that tactile distance is computed at a 
relatively early stage of somatosensory processing. 
The existence of these basic aftereffects with passive touch and their characteristics might 
indicate the presence of neurons tuned to specific ranges of distance at relatively early stages 
of somatosensory processing, akin to neurons with spatial frequency tuning in the visual 
cortex (46). As in vision, tactile RFs are hierarchically defined within the somatosensory 
pathway (40). Neurons in SI have relatively small RFs and show orientation-tuning (47, 48), 
comparable to neurons in V1 (49). Neurons in SII have larger, even bilateral RFs (40), and 
receive inputs directly from SI (50–52). This suggests that SII may underlie integration of 
information from multiple skin locations and putatively be sensitive to a gap between two 
simultaneous touches. This is supported by evidence showing that many SII neurons respond 
to stimuli administered on several finger pads (53), and are tuned for particular stimulus 
orientations across different pads (47, 54). SII neurons, thus, have the potential both to 
integrate information from different skin locations and to represent larger-scale spatial 
features of tactile stimuli (55). Indeed, it has been suggested that SII might be the first 
representation of a tactile field underpinning the spatial organization of tactile events (55). 
The properties of these neurons might provide the basis for the adaptation aftereffects we 
report.  
The reported aftereffects could, alternatively, result from rapid modulation of the 
geometry of tactile RFs in somatosensory cortex. Perceived tactile distance varies 
systematically across skin surfaces and these effects might correspond to properties of tactile 
RFs (2, 3). The underlying idea is that perceived tactile distance involves a process of 
counting the number of RF widths crossed by a stimulus (3). Since RFs are smaller on more 
sensitive skin surfaces, a given tactile distance will cross more RFs on a sensitive than a less 
sensitive skin surface, and thus will be perceived as larger. Analogously, since RFs on the 
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limbs are oval-shaped elongated along the longitudinal limb axis (4, 56), tactile distances 
oriented along the mediolateral axis will cross more RFs than those oriented along the 
proximodistal axis, and thus will be perceived as larger. On the palm, where RFs are circular 
shaped (57), distance anisotropies depending on the orientation should be absent or largely 
reduced. In the present study, we induced a reduction of this anisotropy on the hand dorsum 
(Experiments 7 and 9) and induced an inverted anisotropy on the palm (Experiment 8), by 
adapting participants to a distance delivered across the hand. Adaptation to a distance along a 
specific axis may, therefore, selectively modulate that dimension of RFs, resulting in 
modulation of the anisotropy in RF geometry, and a corresponding change in perceptual 
anisotropy. Adaptation to a large across stimulus could have increased the size of SI RFs in 
the mediolateral axis, so that a subsequent stimulus would be perceived as smaller than it 
actually is. The selectivity of the adaptation to one RF axis is supported by the orientation 
specificity of the aftereffect (Experiment 3). Rapid modulation of RF size has been reported 
in contexts such as the visual enhancement of touch (58). Furthermore, it has been proposed 
that enhancement of touch from viewing the body during a tactile distance judgement, 
improves discrimination performance by sharpening RFs organization in SI, by either 
intracortical or thalamocortical inhibition (58, 59). This hypothesis is further supported by 
evidence demonstrating that changes in intracortical inhibition can affect the shape of SI RFs, 
even along a single axis (4).  
Our study demonstrates that something as abstract as the distance between two distinct and 
isolated tactile events is a property of somatosensation susceptible to adaptation. 
Furthermore, the characteristics of the aftereffects provide strong evidence in favor of the 
idea that computation of tactile distance arises at early stages of somatosensory processing, 
before sensory signals are referred to higher-order representations of body size and shape.  
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